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WO 98/54347 PCT/GB98/01577 

INTEGRIN-TARGETING VECTORS HAVING TRANSFECTION ACTIVITY 



The present invention relates to an improved integrin-targeting 
vector that has enhanced transfection activity. 

5 Gene therapy and gene vaccination are techniques that offer 
interesting possibilities for the treatment and/or prophylaxis 
of a variety of conditions, as does anti-sense therapy. Such 
techniques require the introduction of a DNA of interest into 
target cells. The ability to transfer sufficient DNA to 
10 specific target cells remains one of the main limitations to 
the development of gene therapy, anti-sense therapy and gene 
vaccination. Both viral and non-viral DNA delivery systems 
have been proposed. In some cases RNA is used instead of DNA. 

Receptor-mediated gene delivery is a non- viral method of gene 
15 transfer that exploits the physiological cellular process , 
receptor-mediated endocytosis to internalise DNA. Receptor- 
mediated non-viral vectors have several advantages over viral 
vectors. In particular, they lack pathogenicity; they allow 
targeted gene delivery to specific cell types and they are not 
20 restricted in the size of nucleic acid molecules that can be 
packaged. Gene expression is achieved only if the nucleic acid 
component of the complex is released intact from the endosome 
to the cytoplasm and then crosses the nuclear membrane to 
access the nuclear transcription machinery. However, 
25 transfection efficiency is generally poor relative to viral 
vectors owing to endosomal degradation of the nucleic acid 
component, failure of the nucleic acid to enter the nucleus and 
the exclusion of aggregates larger than about 150nm from 
clathrin coated vesicles. 

30 Integrins are a super-family of heterodimeric membrane proteins 
consisting of several different a and 6 subunits. They are 
important for attachment of cells to the extracellular matrix", 
cell-cell interactions and signal transduction. Integrin-medi- 
ated cell entry is exploited for cell attachment and entry by a 

35 number of intracellular pathogens including T ypanosoma cruzi 
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(Fernandez et al., 1993), adenovirus (Wickham et al., 1993), 
echovirus (Bergelson et al., 1992) and foot-and-mouth disease 
virus (Logan et al., 1993) as well as the enteropathogen Y. 
pseudotuberculosis (Isberg, 1991). Egg-sperm fusion is also 
5 integrin mediated. Intensive study of the invasin-integrin 
mediated internalisation process of Yersinia pseudotuberculosis 
demonstrated that, for efficient cell entry, integrin-binding 
ligands should have a high binding affinity and a non-polar 
distribution (Isberg, 1991). Integrin-mediated internalisation 

10 proceeds by a phagocytic- like process allowing the 

internalisation of bacterial cells one to two micrometers in 
diameter (Isberg, 1991). Targeting of non-viral vectors to 
integrins, therefore, has the potential to transfect cells in a 
process that mimics infection of cells by pathogens and avoids 

15 the size limitation imposed by clathrin-coated vesicles in 
receptor-mediated endocytosis. 

A further advantage of integrin-mediated vectors is that a 
large number of peptide ligands for integrin receptors have 
been described, including seguences derived from natural 
20 protein ligands [Verfaille, 1994 #635; Wang, 1995 #645; Staatz, 
1991 #539; Pierschbacher , 1984 #314; Massia, 1992. #86, Clements 
et al. 1994 & Lu et al, 1993] or selected from phage display 
libraries (Koivunen et al. 1995; 1993; 1994; O'Neil et al. 
1992; Healy et al 1995; Pasgualani et al. 1995). 

25 The conserved amino acid sequence arginine-glycine-aspartic 
acid (RGD) is an evolutionarily conserved feature of many, but 
not all, natural integrin-binding ligands such as extracellular 
matrix proteins and viral capsids. Peptides, particularly 
those containing cyclic-RGD domains can also bind integrins. 

30 Peptides containing cyclic-RGD domains are particularly 

suitable ligands for vectors since they bind to integrins with 
higher affinities than linear peptides (Koivunen et al. 1995). 
Hart et al. have demonstrated previously that multiple copies 
of a cyclic RGD peptide displayed in the major coat protein 

35 subunit of fd filamentous phage particles, approximately 900 nm 
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in length, are internalised efficiently by cells in tissue 
culture in an integrin-mediated manner (Hart et al., 1994). 
The phage particles were probably internalised by a phagocytic- 
like process as their size would exclude them from endocytosed 
5 vesicles (Hart et al., 1994). 

The cyclic RGD-containing peptide GGCRGDMFGCGG [ K ] 16 
[SEQ.ID.NO. :l] was synthesised with a sixteen-lysine tail for 
complex formation with plasmid DNA (Hart et al., 1995). 
Significant levels of integrin-mediated gene expression were 

10 achieved in epithelial cell lines with the vector 

GGCRGDMFGCG [ K ] 16 [SEQ.ID.NO. :2] (Hart et al . , 1995) and the 
vectors GGCRGDMFGC [ K ] 16 [SEQ.ID.NO. :3 ] ( W096/15811 ) . A similar 
peptide [ K ] X6 GACRGDMFGCA [SEQ.ID.NO. :4] , which has the sixteen- 
lysine domain at the N-terminus and which is easier to syn- 

15 thesise than the prototype peptide (W096/15811 and Hart et al., 
1997) generated better transfection levels. Integrin mediated 
gene expression was generally achieved at levels of about 1 to 
10%. The presence of chloroquine in the transfection medium 
gave some enhancement of transfection in some but not all cell 

20 lines tested. 

The present invention is based on the surprising observation 
that inclusion of a lipid component in the oligolysine/- 
peptide/DNA complex increases levels of transfection of DNA 
from about 1 to 10% to about 50 to almost 100%. Not only is 
25 the level of transfection increased dramatically but, contrary 
to previous experience, the increase is observed in all cell 
lines tested, including endothelial, epithelial and tumour cell 
lines. 

* 

The present invention provides a complex that comprises 
30 (i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 

(ii) an integrin-binding component, 

(iii) a polycationic nucleic acid-binding component, and 

(iv) a lipid component. 
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The complex is a transfection vector. 

The nucleic acid may be obtained from natural sources, or may 
be produced recorabinantly or by chemical synthesis. It may be 
modified, for example, to comprise a molecule having a specific 
5 function, for example, a nuclear targeting molecule. The 
nucleic acid may be DNA or RNA. DNA may be single stranded or 
double stranded. The nucleic acid may be suitable for use in 
gene therapy, in gene vaccination or in anti -sense therapy. 
The nucleic acid may be or may relate to a gene that is the 
10 target for particular gene therapy or may be a molecule that 
can function as a gene vaccine or as an anti-sense therapeutic 
agent. The nucleic acid may be or correspond to a complete 
coding sequence or may be part of a coding sequence. 

Alternatively, the nucleic acid may encode a protein that is 
15 commercially useful, for example industrially or scientifically 
useful, for example an enzyme; pharmaceutical ly useful, for 
example, a protein that can be used therapeutically or 
prophylactically as a medicament or vaccine; or diagnostically 
useful, for example, an antigen for use in an ELISA. Host 
20 cells capable of producing commercially useful proteins are 
sometimes called "cell factories". 

Appropriate transcriptional and translational control elements 
are generally provided. For gene therapy, the nucleic acid 
component is generally presented in the form of a nucleic acid 
25 insert in a plasmid or vector. In some cases, however, it is 
not necessary to incorporate the nucleic acid component in a 
vector in order to achieve expression. For example, gene vacci- 
nation and anti-sense therapy can be achieved using a naked 
nucleic acid. 

30 The nucleic acid is generally DNA but RNA may be used in some" 
cases, for example, in cancer vaccination. The nucleic acid 
component is referred to below as the plasmid component or 
component "D" . 
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The integrin-binding component is any component that is capable 
of binding specifically to integrins found on the surface of 
cells. The integrin-binding component may be a naturally 
occurring integrin-binding ligand, for example, an extra- 
5 cellular matrix protein, a viral capsid protein, the bacterial 
protein invasin, a snake venom disintegrin protein, or an 
integrin-binding fragment of any such protein. Such integrin- 
binding proteins and fragments thereof may be obtained from 
natural sources or by recombinant techniques, but they are 
10 difficult to synthesise and purify in large amounts, they 
require conjugation directly to DNA or RNA or to polycationic 
elements for DNA or RNA binding, and are immunogenic in vivo. 

It is preferable to use integrin-binding peptides, in particu- 
lar because of their ease of synthesis, purification and stor- 

15 age, their potential for chemical modification, and their 

potentially low immunogenicity in vivo. Examples of integrin- 
binding peptides are given in Verfaille, 1994 #635; Wang, 1995 
#645; Staatz, 1991 #539; Pierschbacher , 1984 #314; Massia, 1992 
#86, Clements et al. 1994 & Lu et al, 1993; and in Koivunen et 

20 al. 1995; 1993; 1994; O'Neil et al. 1992; Healy et al 1995; and 
Pasqualani et al. 1995. 

As indicated above, peptides containing the conserved amino 
acid sequence arginine-glycine-aspartic acid (RGD) bind with 
high affinity to integrins. Accordingly, peptides comprising 

25 the RGD sequence are particularly useful. The affinity between 
integrin and peptide ligands is influenced by the amino acid 
sequence flanking the RGD domain. Peptides having a cyclic 
region in which the conformational freedom of the RGD sequence 
is restricted generally have a higher affinity for integrin 

30 receptors than do their linear counterparts. Such cyclic 
peptides are particularly preferred. Cyclic peptides may be 
formed by the provision of two cysteine residues in the 
peptide, thus enabling the formation of a disulphide bond. A 
cysteine residue may be separated from the RGD sequence by one 

35 or more residues, for example, up to six residues, or may be 
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immediately adjacent to the RGD sequence, although preferably 
both cysteines are not immediately adjacent to the ends of the 
RGD sequence* 

An example of an amino acid sequence that will permit 
5 cyclisation by disulphide bond formation is CRGDMFGC 

[SEQ.ID.NO. :5] . A peptide that consists of or comprises the 
sequence CRGDMFGC may advantageously be used as an integrin- 
binding peptide according to the present invention. Examples 
of peptides that comprises the sequence CRGDMFGC and that are 
10 effective integrin-binding ligands are the peptides GGCRGDMFGC 
[ SEQ • ID . NO . : 6 ] , GGCRGDMFGCG [ SEQ . ID . NO . : 7 ] , GGCRGDMFGCA 
[SEQ.ID.NO. :8] and GACRGDMFGCA [SEQ. ID. NO. : 9 ] . 

The peptide GACDCRGDCFCA [SEQ.ID.NO. : 10] has the potential to 
form two disulphide bonds for stabilising the RGD loop. That 
15 peptide and others having the potential to form two RGD- 
stabilising disulphide bonds, may be particularly useful as 
integrin-binding ligands according to the present invention. 

However, not all integrin-binding peptides contain the 
conserved RGD sequence. For example, the peptides GACRRETAWACA 
20 [SEQ.ID.NO. ill] and GACRRETAWACG [SEQ. ID. NO. : 12 ] are integrin- 
specific peptides. Other peptides comprising the sequence 
CRRETTAWAC [SEQ. ID. NO .: 13 ] may be used, as may other non-RGD 
peptides, particularly those that have the potential for 
disulphide bond formation. 

25 Peptide sequences may be designed on the basis of known 

ligands, for example, on the basis of integrin-binding domains 
of naturally-occurring integrin-binding ligands, or on the 
basis of known peptides that bind to integrins. 

As stated above integrins are a family of heterodimeric pro- * 
30 teins found on the surface of cells. They consist of several 
different a and 6 subunits. Some integrins are found on may 
types of cells, others are more specific, for example, ce5 and 
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av integrins are widespread and are found on a diverse range of 
cells. Integrin-binding ligands can vary in their affinity for 
different integrins. For example, GACRGDMFGCA [SEQ. ID. NO. :9] 
(peptide 1) has affinity for a5 and av integrins but is non- 
5 specific (O'Neil et al. 1992, Hart et al. 1997). GACDCRGDCFCA 
[SEQ. ID. NO. :10] (peptide 5) has high affinity for integrin av 
but is not av-specific (Koivunen et al. 1995; Hart et al. 
1997). GACRRETAWACG [ SEQ. ID .NO. : 11 ] (peptide 6) however, which 
does not contain the conserved RGD region, is a5Bl-specif ic 
10 (Koivunen et al. 1995). Various integrin-binding peptides and 
their integrin specificity are set out in the Table below: 



TABLE 



Peptide number and 
intearin specificity 

15 Peptide 1 (av,a5Bl) 

Peptide 2 (av,a5Bl) 

Peptide 5 (av) 

Peptide 6 (a5Bl) 

Peptide 7 (a4Bl) 

20 Peptide 8 (a4Bl) 

Peptide 9 (a5Bl) 



Sequence 



GACRGDMFGCA 

GACRGDMFGCGG 

GACDCRGDCFCA 

GACRRETAWACG 

GAGPEILDVPST 

GACQIDSPCA 



SEP. ID. NO. 



SEQ. ID. NO. 
SEQ. ID. NO. 
SEQ. ID. NO. 
SEQ. ID. NO. 
SEQ. ID. NO. 
SEQ. ID. NO. 



9 

12 
10 
11 
13 
14 



GACRRETAWACGKGACRRETAWACG 

SEQ. ID. NO. :15 



It should be noted that the use of a lipid component according 
to the present invention greatly enhances transfection for all 
25 peptides and all cell types tested, unlike other enhancement 
techniques that have been tried, for example, chloroquine, 
which enhance transfection to a small extent in some but not 
all cell types tested. 



The polycationic nucleic acid-binding component is any poly- 
30 cation that is capable of binding to DNA or RNA. The poly- 
cation may have any number of cationic monomers provided the 
ability to bind to DNA or RNA is retained. For example, from 3 
to 100 cationic monomers may be present, for example, from 10" 
to 20, especially about 16. An oligolysine is particularly 
35 preferred, for example, having from 10 to 20 lysine residues, 
for example, from 15 to 17 residues, especially 16 residues 



WO 98/54347 



PCT/GB98/01577 



- 8 

i.e. [K] 16 . 



The polycationic DNA or RNA-binding component may advantageous- 
ly be linked or otherwise attached to the integrin-binding 
component. A combined integrin-binding component/polycationic 
5 DNA or RNA-binding component may be referred to below as compo- 
nent "I". For example, a polycationic DNA or RNA-binding 
component may be chemically bonded to an integrin-binding 
component, for example, by a peptide bond in the case of an 
oligolysine. The polycationic component may be linked at any 
10 position of the integrin-binding component. Preferred combina- 
tions of integrin-binding component and polycationic DNA or 
RNA-binding component are an oligolysine, especially [K] 16 , 
linked via a peptide bond to a peptide, for example, a peptide 
as described above. 

15 The lipid component may be or or may form a cationic liposome. 
The lipid component may be or may comprise one or more lipids 
selected from cationic lipids and lipids having membranae 
destabilising or fusogenic properties, especially a combination 
of a cationic lipid and a lipid that has membrane destabilising 

20 properties. 

A preferred lipid component ("L") is or comprises the neutral 
lipid dioleyl phosphatidylethanolamine, referred to herein as 
"DOPE". DOPE has membrane destabilising properties sometimes 
referred to as "fusogenic" properties (Farhood et al. 1995). 
25 Other lipids, for example, neutral lipids, having membrane 
destabilising properties, especially membrane destabilising 
properties like those of DOPE may be used instead of or as well 
as DOPE. 

Other phospholipids having at least one long chain alkyl group, 
30 for example, di(long alkyl chain) phospholipids may be used. The 
phospholipid may comprise a phosphatidyl group, for example, a 
phosphatidylalkanolamine group, for example, a phosphatidyl- 
ethanolamine group. 
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A further preferred lipid component is or comprises the 
cationic lipid N-[ l-( 2 , 3-dioleyloxy) propyl ]-N,N,N-trimethyl- 
ammonium chloride, referred to herein as "DOTMA" • DOTMA has 
cationic properties. Other cationic lipids may be used in 
5 addition to or as an alternative to DOTMA, in particular 
cationic lipids having similar properties to those of DOTMA, 
Such lipids are, for example, quaternary ammonium salts 
substituted by three short chain alkyl groups, and one long 
chain alkyl group. The short chain alkyl groups may be the 
10 same or different, and may be selected from methyl and ethyl 
groups. At least one and up to three of the short chain alkyl 
group may be a methyl group. The long alkyl chain group may 
have a straight or branched chain, for example, a di(long chain 
alkyl) alkyl group. 

15 Another preferred lipid component is or comprises the lipid 

2 , 3-dioley loxy-N- [ 2- ( spermidinecarboxamido ) ethyl ] -N , N-dimethyl- 
1-propanaminiumtrifluoridoacetate, referred to herein as 
"DOSPA". Analogous lipids may be used in addition to or as an 
alternative to DOSPA, in particular lipids having similar 

20 properties to those of DOSPA, Such lipids have, for example, 
different short chain alkyl groups from those in DOSPA. 

A preferred lipid component comprises DOPE and one or more 
other lipid components, for example, as described above. 
Especially preferred is a lipid component that comprises a 

25 mixture of DOPE and DOTMA, Such mixtures form cationic 

liposomes. An equimolar mixture of DOPE and DOTMA is found to 
be particularly effective. Such a mixture is known generically 
as "lipofectin" and is available commercially under the name 
"Lipof ectin" . The term "lipofectin" is used herein generically 

30 to denote an equimolar mixture of DOPE and DOTMA. Other 

mixtures of lipids that are cationic liposomes having similar 
properties to lipofectin may be used. Lipofectin is particu-' 
larly useful as it is effective in all cell types tested. 

A further preferred lipid component comprises a mixture of DOPE 
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and DOSPA. Such mixtures also form cationic liposomes. A 
mixture of DOPE and DOSPA in a ratio by weight 3:1 DOSPA: DOPE 
is particularly effective. Such a mixture , in membrane fil- 
tered water , is available commercially under the name "Lipo- 
5 fectamine" . Mixtures comprising DOPE, DOTMA and DOSPA may be 
used, for example, mixtures of lipofectin and lipof ectamine. 

Other cationic lipids are available commercially, for example, 
DOTAP (Boehringer-Mannheim) and lipids in the Tfx range 
(Promega). DOTAP is N- [l-( 2 , 3-diolyloxy ) propyl ]-N,N,N-tri- 

10 methylammonium methylsulphate. The Tfx reagents are mixtures 
of a synthetic cationic lipid [N,N,N' ,N'-tetramethyl-N,N'- 
bis ( 2 -hydroxy ethyl ) -2 , 3-di (oleoyloxy )-l , 4-butanediammonium 
iodide and DOPE. All the reagents contain the same amount of 
the cationic lipid component but contain different molar 

15 amounts of the fusogneic lipid, DOPE. 

However, lipofectin and lipof ectamine appear to be markedly 
more effective as the lipid component in LID complexes of the 
present invention than are DOTPA and Tfx agents. 

The effectiveness of a putative integrin-binding component, 
20 polycationic DNA or RNA-binding component, or of lipid compo- 
nent may be determined readily using the methods described 
herein . 

The efficiency of transfection using a complex of the invention 
is influenced by the ratio lipid component: integrin-binding 
25 component : DNA or RNA. For any chosen combination of components 
for any particular type of cell to be transfected, the optimal 
ratios can be determined simply by admixing the components in 
different ratios and measuring the transfection rate for that 
cell type, for example, as described herein. 

30 For example, a combination consisting of a pGL2 plasmid, which 
is a plasmid encoding lucif erase (a reporter gene) under an 
SV40 promoter as DNA component (D), [K] 16 GACRGDMFGCA 
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[SEQ.ID.NO. :17] ( [K] 16 -peptide 1) as a combined integr in-binding 
component/polycationic DNA binding component (I), and lipo- 
fectin ( DOPE : DOTMA 1:1 molar ratio) as the lipid component (L) 
was tested to find the optimal ratio of components. Complexes 
5 formed with 1 \xq of lipofectin (L) and 4 \iq of [K] 16 -peptide (I) 
per 1 nq of plasmid (D) were 100-fold more active than 
complexes lacking lipofectin. Addition of larger amounts of 
lipofectin reduced transfection activity in a lipofectin dose- 
dependent manner. 

10 An optimal transfection ratio of 0.75 fiq of lipofectin (L) per 
4 /ig of the [K] 16 -peptide integr in-binding component/-poly- 
cationic DNA or RNA-binding component (I) per 1 /ig plasmid DNA 
or RNA (nucleic acid component, D) was found for three differ- 
ent cell lines namely melanoma cell, endothelial cells and 

15 epithelial cells. That ratio was subsequently found to be 
effective for other different cell lines and for other oligo- 
lysine-peptides. A ratio L:I:D of 0.75:4:1 by weight corre- 
sponds to a molar ratio of 0.5 nmol lipofectin: 1.25 nmol [K] 16 - 
peptide 6: 0.25 pmol plasmid pGL2-control . A ratio L:I:D of 

20 0.75:4:1 by weight, or the corresponding molar ratio are pre- 
ferred when lipofectin is used as the lipid component. 

For a combination of components in which lipofectin is replaced 
by lipofectamine (DOPE/DOSPA) , the optimal ratio was found to 
be 12 fiq lipofectamine: 4 nq [K] X6 -peptide 6: 1/zg plasmid DNA or 
25 RNA. A ratio of L:I:D of 12:4:1 by weight, or the corres- 
ponding molar ratio, is appropriate for lipof ectamine-con- 
taining complexes. Optimal ratios for other systems may be 
determined analogously. 

Lipofectin and lipofectamine appear to be particularly effec- 
30 tive in enhancing transfection. Lipofectin has the advantage 
that only very small amounts are required. Any side effects " 
that may occur are therefore minimised. As indicated above, 
the optimal weight ratio of components L:I:D when using lipo- 
fectamine is 12:4:1. With lipofectin the optimal ratio is only 
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0.75:4:1. 

The present invention provides a process for the production of 
a transfection complex of the present invention, which 
comprises admixing components (i), (ii), (iii) and (iv). 

5 Although the components may be admixed in any order, it is 
generally preferable that the lipid component is not added 
last. In the case where there is a combined integrin-binding 
component/polycationic DNA or RNA-binding component it is 
generally preferable to combine the components in the following 
10 order: lipid component; combined integrin-binding/polycationic 
DNA or RNA-binding component; DNA or RNA component, for 
example, in the order: lipofectin, oligolysine-peptide 
component, DNA or RNA component. 

The present invention also provides a mixture comprising an 
15 integrin-binding component, a polycationic nucleic acid-binding 
component, and a lipid component. 

Such a mixture may be used to produce a nucleic acid-containing 
transfection complex of the invention by the incorporation of a 
nucleic acid with the mixture, for example, by admixture. 
20 Alternatively, the mixture of the invention may be used for the 
production of a complex which comprises, instead of the nucleic 
acid component, any other component that is capable of binding 
to the polycationic nucleic-acid binding component, for 
example, a protein. 

25 The present invention further provides a process for the pro- 
duction of a complex of the present invention, which comprises 
admixing a nucleic acid with a mixture of the invention. 

The individual components of a mixture of the invention are " 
each as described above in relation to the complex of the 
30 invention. The preferred components, preferred combinations of 
components, preferred ratios of components and preferred order 
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of mixing, both with regard to the mixture and to the produc- 
tion of a complex, are as described above in relation to the 
complex of the invention. 

A mixture of the present invention preferably comprises an 
5 equimolar mixture of DOPE and DOTMA (lipofectin) as the lipid 
component and an oligolysine-peptide especially a [K] 16 -peptide 
as a combined integrin-binding/nucleic acid-binding component. 
The preferred molar ratio lipofectine: oligolysine-peptide is 
0.75:4. 

10 The present invention provides a method of transfecting a cell 
with a nucleic acid, which comprises contacting the cell in 
vitro or in vivo with a complex of the present invention. 

The present invention also provides a process for expressing a 
nucleic acid in a host cell, which comprises bringing the cell 
15 into contact with a complex of the present invention. The host 
cell is then cultured under conditions that enable the cell to 
express the nucleic acid. 

The present invention further provides a process for the pro- 
duction of a protein, which comprises contacting a host cell in 

20 vitro or in vivo with a complex of the present invention, 
allowing the cell to express the protein, and obtaining the 
protein. The host cell may be transfected in vitro with a 
nucleic acid by means of a complex of the present invention and 
cultured, the protein being obtained either from the host cell 

25 or from the culture medium. 

The present invention further provides a cell transfected with 
a complex of the present invention, and also the progeny of 
such a cell. 

The present invention also provides a pharmaceutical 
30 composition which comprises a complex of the present invention 
in admixture or conjunction with a pharmaceutically suitable 
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carrier. The composition may be a vaccine. 

The present invention also provides a method for the treatment 
or prophylaxis of a condition caused in a human or in a non- 
human animal by a defect and/or a deficiency in a gene, which 
5 comprises administering a complex of the present invention to 
the human or to the non-human animal. 

The present invention also provides a method for therapeutic or 
prophylactic immunisation of a human or of a non-human animal , 
which comprises administering a complex of the present inven- 
10 tion to the human or to the non-human animal. 

The present invention also provides a method of anti-sense 
therapy of a human or of a non-human animal, wherein a complex 
of the present invention comprising anti-sense DNA is adminis- 
tered to the human or to the non-human animal. 

15 The present invention further provides a complex of the present 
invention for use as a medicament and/or vaccine , for example 
for the prophylaxis of a condition caused in a human or in a 
non-human animal by a defect and/or a deficiency in a gene, for 
therapeutic or prophylactic immunisation of a human or of a 

20 non-human animal, or for anti-sense therapy of a human or of a 
non-human animal. 

The present invention also provides the use of a complex of the 
present invention for the manufacture of a medicament for the 
prophylaxis of a condition caused in a human or in a non-human 
25 animal by a defect and/or a deficiency in a gene, for ther- 
apeutic or prophylactic immunisation of a human or of a non- 
human animal, or for anti-sense therapy of a human or of a non- 
human animal. 



A non-human animal is, for example, a mammal, bird or fish, and 
30 is particularly a commercially reared animal. 
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The DNA or RNA in the complex of the invention is appropriate 
for the intended gene therapy, gene vaccination , or anti-sense 
therapy. The DNA or RNA and hence the complex is administered 
in an amount effective for the intended purpose. 

5 In a further embodiment, the present invention provides a kit 
suitable for preparing a mixture of the present invention. 
Such a kit comprises the following: (i) an integrin-binding 
component; (ii) a polycationic nucleic acid-binding component, 
and (iii) a lipid component. 

10 A kit suitable for producing a complex of the present invention 
may comprise components (i) to (iii) above and (iv) either a 
nucleic acid or a plasmid or vector suitable for the expression 
of a nucleic acid, the plasmid or vector being either empty or 
comprising the nucleic acid. 

15 The components of a kit are, for example, as described above in 
relation to a complex or a mixture of the present invention. 
Preferred copmonents are as described above. 

A kit generally comprises instructions for the production of a 
complex or a mixture of the present invention. The instruc- 

20 tions preferably indicate the preferred ratios of the compo- 
nents and the preferred order of admixing the components, for 
example, as described above. A kit may be used for producing a 
complex suitable for gene therapy, gene vaccination or anti- 
sense therapy. Alternatively, it may be used for producing a 

25 complex suitable for transfecting a host cell with a nucleic 
acid encoding a commercially useful protein i.e. to produce a 
so-called "cell factory". 

The kit of the present invention enables the user to produce 
quickly and easily a highly efficient transfection complex of- 
30 the present invention using any DNA or RNA of choice. 

A kit of the invention may comprises the following components: 



WO 98/54347 PCT/GB98/01577 

- 16 - 

(a) an integrin-binding component, (b) a polycationic nucleic 
acid-binding component, (c) a lipid component and (d) a nucleic 
acid. 

Such a kit is suitable for the production of a complex for use, 
5 for example, in gene vaccination or anti-sense therapy. 

In a kit of the invention the components including the 
preferred components are, for example, as described above in 
relation to a complex of the present invention. 

The present invention also provides a lipid component as 
10 described above for use in increasing the efficiency of 

transfection of a cell with a nucleic acid, either DNA or RNA, 
the lipid component being used in combination with an integrin- 
binding component and a polycationic nucleic acid-binding 
component . 

15 The present invention also provides the use of a lipid 
component as described above for the manufacture of a 
medicament comprising 

(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 
20 (ii) an integrin-binding component, 

(iii) a polycationic nucleic acid-binding component and 

(iv) the lipid component. 

The medicament may be for gene therapy, gene vaccination, or 
anti-sense therapy. 

25 The present invention also provides a transfection complex that 
comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
sequence of interest, 

(ii) an integrin-binding component, and 

30 (iii) a polycationic a nucleic acid-binding component, 
characterised in that a lipid component, for example as 
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described above, is an additional component of the complex . 

The present invention also provides a method for increasing the 
efficiency of a transfection vector that comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
5 sequence of interest, 

(ii) an integrin-binding component, and 

(iii) a polycationic a nucleic acid-binding component, 
characterised in that a lipid component, for example as 
described above, is incorporated as an additional component of 

10 the complex. 

In each case, the various components are as described above. 
The lipid component is, for example, a mixture of DOPE and 
DOSPA or, especially, a mixture of DOPE and DOTMA, in particu- 
lar an equimolar mixture of DOPE and DOTMA ( lipof ectin) . 

15 Targets for gene therapy are well known and include monogenic 
disorders, for example, cystic fibrosis, various cancers, and 
infections, for example, viral infections, for example, with 
HIV. For example, transfection with the p53 gene offers great 
potential for cancer treatment. Targets for gene vaccination 

20 are also well known, and include vaccination against pathogens 
for which vaccines derived from natural sources are too danger- 
ous for human use and recombinant vaccines are not always 
effective, for example, hepatitis B virus, HIV, HCV and herpes 
simplex virus. Targets for anti-sense therapy are also known. 

25 Further targets for gene therapy and anti-sense therapy are 
being proposed as knowledge of the genetic basis of disease 
increases, as are further targets for gene vaccination. 

Transfection complexes of the present invention have been 
demonstrated to transfect various different cell types, 
30 including endothelial and epithelial cells, and tumour cells.. 
Transfection of all cell types tested including cell types that 
are particularly reistant to transfection with most plasraid 
transfection vectors, for example, neuroblastoma cells, primary 
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smooth muscle cells and cardiac myocytes , and haematopoieic 
cells has been achieved with high efficiency using transfection 
complexes of the present invention. This enables effective 
gene therapy, gene vaccination and anti-sense therapy without 
5 the previous restrictions as to cell type. For example, 
transfection with the p53 gene for cancer therapy has great 
potential but is currently limited by the range of cell types 
in which effective transfection can be achieved. 

The effective tranfection of neuroblastoma cells demonstrates 
10 that the complexes of the invention may be used as vaccines or 
for therapy of neuroblastoma, an important childhood malig- 
nancy. The effective transfection of primary smooth muscle 
cells and cardiac myocytes, which are particularly resistant to 
plasmid-mediated transfection, demonstrates that diseases and 
15 other pathological conditions affecting muscles and the 

cardiovascular system can now be treated by gene therapy. One 
such condition is restenosis. After balloon angioplasty 
plaques reform in 30-50% of cases. A gene that prevents pro- 
liferation of cells in blood vessel walls may be introduced 
20 using a complex of the present invention to reduce restenosis. 

Haematopoietic cells are another cell type that is particularly 
resistant to plasmid-mediated transfection. The effectiveness 
of tranfection using a complex of the present invention, which 
can exceed 60%, now enables gene therapy, gene vaccination and 
25 anti-sense therapy of diseases involving haematopoietic cells, 
including leukaemia and bone marrow stem cell disorders. For 
example, transfection of a cytokine gene may be used for 
adjuvant immunotherapy. 

* 

Complexes of the invention have been demonstrated to be 
30 effective vectors for intracellular transport and delivery of 
anti-sense oligonucleotides, which enables antiviral and cancer 
therapy . 

Furthermore, complexes of the invention have been demonstrated 
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described above, is an additional component of the complex. 

The present invention also provides a method for increasing the 
efficiency of a transfection vector that comprises 

(i) a nucleic acid, especially a nucleic acid encoding a 
5 sequence of interest, 

(ii) an integrin-binding component, and 

(iii) a polycationic a nucleic acid-binding component, 
characterised in that a lipid component, for example as 
described above, is incorporated as an additional component of 

10 the complex. 

In each case, the various components are as described above. 
The lipid component is, for example, a mixture of DOPE and 
DOSPA or, especially, a mixture of DOPE and DOTMA, in particu- 
lar an equimolar mixture of DOPE and DOTMA (lipof ectin) . 

15 Targets for gene therapy are well known and include monogenic 
disorders, for example, cystic fibrosis, various cancers, and 
infections, for example, viral infections, for example, with 
HIV. For example, transfection with the p53 gene offers great 
potential for cancer treatment. Targets for gene vaccination 

20 are also well known, and include vaccination against pathogens 
for which vaccines derived from natural sources are too danger- 
ous for human use and recombinant vaccines are not always 
effective, for example, hepatitis B virus, HIV, HCV and herpes 
simplex virus. Targets for anti-sense therapy are also known. 

25 Further targets for gene therapy and ant i -sense therapy are 
being proposed as knowledge of the genetic basis of disease 
increases, as are further targets for gene vaccination. 

Transfection complexes of the present invention have been 
demonstrated to transfect various different cell types, 
30 including endothelial and epithelial cells, and tumour cells. - 
Transfection of all cell types tested including cell types that 
are particularly reistant to transfection with most plasraid 
transfection vectors, for example, neuroblastoma cells, primary 
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smooth muscle cells and cardiac myocytes, and haeroatopoieic 
cells has been achieved with high efficiency using transfection 
complexes of the present invention. This enables effective 
gene therapy, gene vaccination and anti-sense therapy without 
5 the previous restrictions as to cell type. For example, 
transfection with the p53 gene for cancer therapy has great 
potential but is currently limited by the range of cell types 
in which effective transfection can be achieved. 

The effective tranfection of neuroblastoma cells demonstrates 
10 that the complexes of the invention may be used as vaccines or 
for therapy of neuroblastoma, an important childhood malig- 
nancy. The effective transfection of primary smooth muscle 
cells and cardiac myocytes, which are particularly resistant to 
plasmid-mediated transfection, demonstrates that diseases and 
15 other pathological conditions affecting muscles and the 

cardiovascular system can now be treated by gene therapy. One 
such condition is restenosis. After balloon angioplasty 
plaques reform in 30-50% of cases. A gene that prevents pro- 
liferation of cells in blood vessel walls may be introduced 
20 using a complex of the present invention to reduce restenosis. 

Haematopoietic cells are another cell type that is particularly 
resistant to plasmid-mediated transfection. The effectiveness 
of tranfection using a complex of the present invention, which 
can exceed 60% f now enables gene therapy, gene vaccination and 
25 anti-sense therapy of diseases involving haematopoietic cells, 
including leukaemia and bone marrow stem cell disorders. For 
example, transfection of a cytokine gene may be used for 
adjuvant immunotherapy. 

Complexes of the invention have been demonstrated to be 
30 effective vectors for intracellular transport and delivery of 
anti-sense oligonucleotides, which enables antiviral and cancer 
therapy . 

Furthermore, complexes of the invention have been demonstrated 
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to be effective for intracellular transport of very large DNA 
molecules, for example, DNA larger than I25kb, which is par- 
ticularly difficult using conventional vectors. This enables 
the introduction of artificial chromosomes into cells. 

5 Transfection at high levels has been demonstrated in vivo, 
confirming the utility of the complexes of the invention for 
gene therapy, antisense therapy and gene vaccination. 
Transfection of the airways, for example, the bronchial 
epithelium demonstrates utility for gene therapy of, for 
10 example, cystic fibrosis and asthma. Transfection of corneal 
endothelium demonstrates utility for treatment of eye disease 
affecting the cornea or corneal organ transplants, for example 
in glaucoma. 

The high levels of transfection make the complex of the inven- 
15 tion particularly suitable for the production of host cells 
capable of producing a desired protein, so-called "cell fac- 
tories". For long-term production, it is desirable that the 
introduced nucleic acid is incorporated in the genome of the 
host cell, or otherwise stably maintained. That can be readily 
20 ascertained. As indicated above, the range of proteins pro- 
duced in this way is large, including enzymes for scientific 
and industrial use, proteins for use in therapy and prophylax- 
is, immunogens for use in vaccines and antigens for use in 
diagnosis. 

25 The present invention provides a non-viral vector that is 
capable of high efficiency transfection. In a preferred 
embodiment, the vector comprises four modular elements; an 
oligolysine, especially [K] 16 , DNA or RNA-binding element; a 
high affinity integrin-binding peptide, for example, a peptide 

30 described herein; a DNA or RNA sequence, optionally in a 

plasmid, and optionally regulated by a viral promoter and an - 
enhancing element; the cat ionic liposome DOTMA/DOPE 
(lipofectin) . The combination of oligolysine-peptide/DNA or RNA 
complex with the cationic liposome formulation DOTMA/DOPE is a 
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potent combination. Alternatively a DOPE/DOSPA formulation may 
be used instead of or in addition to a DOTMA/DOPE formulation. 
The optimisation of variables associated with complex formation 
and the mode of transfection by LID complexes has been 
5 demonstrated. In addition, analysis by atomic forces micro- 
scopy has been carried out to assess the structure of the 
complexes . 

The most important variables in the formation of optimal LID 
transfection complexes appear to be the ratio of the three com- 
10 ponents and their order of mixing. The same composition 
appears to be optimal for all cell lines tested. 

The mechanism of action of the complex of the present 
invention, the reason for the unexpectedly high levels of 
transfection and the surprisingly wide variety of cells that 
15 can be transfected at that high efficiency are not yet 
understood . 

However, the following observations made as a result of the 
present invention indicate that the role of the lipid component 
is to enhance the efficiency of transfection mediated by oligo- 
20 lysine-peptide/DNA or RNA complexes: 

The level of transfection with LID ( lipof ectin/[K] 16 - 
peptide/plasmid) complexes is three to six fold higher than 
that with LKD ( lipof ectin/[K] 16 /plasmid) complexes prepared with 
the same charge ratios, or with LD ( lipof ectin/plasmid) com- 
25 plexes. This indicates that the integrin-targeting moiety, i.e. 
the peptide, is a significant factor in the transfection effi- 
ciency of those complexes. 

Optimised LID transfection complexes contain only one seventh 
of the amount of lipof ectin required for optimal transfection. 
30 with LD complexes. Transf ections with low-ratio LD complexes 
that contain the same ratio of lipofectin to [K] i6 -peptide/- 
plasmid as in optimal LID complexes but no [K] 16 -peptide, did 
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not transfect cells at all. This suggests that the role of 
lipofectin in LID complexes is to enhance transfection mediated 
by the integrin receptor-binding peptide. 

Furthermore, we have found that both LID and ID complexes both 
5 form spherical particles of similar sizes. Optimal LD 
complexes, however, formed a tubular network with some 
tubule-associated particles, which suggests a different type of 
cellular interaction and transfection mechanism from LID and ID 
transfections. 

10 It is possible that condensation of plasmid DNA or RNA by the 
oligolysine element of the integrin-targeting oligolysine- 
peptides and the cationic charge of the complexes may lead to 
high levels of expression when associated with lipofectin, and 
the integrin targeting moiety i.e. the peptide is irrelevant. 

15 Transfection experiments with LKD complexes, mixed in the same 
order and the same charge ratios as the LID complexes, were 
more efficient than LD or KD complexes. To assess the contri- 
bution of the relative importance of the oligolysine element 
and the integrin-targeting peptide domain of the combined 

20 integrin-binding component/polycationic DNA or RNA-binding 
component I, transfection by LID complexes were prepared con- 
taining a range of proportions of [K] 16 and [K] l6 integrin target- 
ing peptide 6, [ K ] 16 GACRRETAWACG [SEQ.ID.NO. :18] . Transfection 
expression data indicate higher efficiencies with complexes in 

25 which increasing amounts of [K] 16 peptide 6 replace [K] 16 and a 
dose-dependency on the amount of integrin-targetting (ligand- 
binding) domain i.e. peptide 6. 

The ratio of components mixed together to form the optimal 
transfection complex is also informative as to the possible 
30 mechanism of lipofectin mediated enhancement. The DOTMA 
element of lipofectin is cationic, which may enhance the 
activity of the complex, while DOPE may have the ability to 
destabilise the endosomal membrane (Farhood et al., 1995) 
enhancing endosomal release of plasmid DNA or RNA. The compo- 
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nents of the LID complexes are mixed together in constant 
optimal ratios. It is assumed that the particles formed also 
contain these elements in the same proportions* Therefore, 3 
nmol negative charge from plasmid DNA or RNA are associated 
5 with approximately 21 nmol positive charge from the [K] x€ - 
peptide. Lipofectin, however, provides only a further 0.25 
nmol of positive charge. This suggests that, contrary to 
expectations, the enhancing effect of lipofectin in LID com- 
plexes is not charge related but may relate to the membrane 
10 destabilising effect of the DOPE component. 

While not limited to the following theory of the mechanism of 
action, the following model of the early stages of the 
transfection process, which is based on the observations 
described herein, is proposed to explain the surprising and 
15 unexpected high efficiency of transfection by LID complexes, 
which high efficiency is found in all the cell types 
investigated . 

The complexes are formed electrostatically by random 
association of lipofectin, oligolysine-peptide and plasmid DNA 

20 or RNA. The relative high proportion of oligolysine-peptide 
ensures a high proportion of integr in-targeting ligands per 
plasmid molecule. Particles are formed that contain one or 
more plasmids, associated with thousands of oligolysine-pep- 
tides and, therefore, a very high concentration of integr in- 

25 targeting ligands. By mixing lipofectin with the oligolysine- 
peptide, then adding plasmid DNA or RNA complexes are formed 
containing all three components. The particles, due to the 
high density of ligands, have a high avidity for integrins on 
cell surfaces, bind and are internalised by a phagocytic pro- 

30 cess (Hart et al., 1994). The vesicles fuse to form endosomes 
where, under acid conditions, the DOPE element contained within 
the particles mediates destabilisation of the endosomal mem- - 
brane and subsequent plasmid release into the cytoplasm. 
Phagocytosed particles lacking lipofectin are degraded in the 

35 endosomes. Particles lacking the integrin-targeting moiety are 
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less efficient at cell binding and internalisation. Both 
lipofectin and the oligolysine ([K] X6 ) element of the oligo- 
lysine-peptides probably contribute to the overall efficiency 
of the LID complexes but the integrin-targeting capacity of the 
5 oligolysine/peptide component appears to be important for 
optimal targeting and internalisation of the complexes. 

The following non-limiting Examples illustrate the present 
invention. The Examples refer to the accompanying drawings, in 
which: 

10 Figure 1 shows the effect of different amounts of lipofectin 
(DOTMA:DOPE) on the enhancement of transfection of ECV304 cells 
using a complex consisting of lipofectin, oligolysine-peptide 1 
( [K] 16 GACRGDMFGCA [ SEQ . ID. NO. : 19 ] ) and plasmid pGL2. 

Figure 2 shows the effect of different amounts of lipofectin on 
15 the enhancement of transfection of A375M, COS-7 and ECV-40 
cells using a complex consisting of lipofectin, oligolysine- 
peptide 1 ( [K] i6 GACRGDMFGCA) and plasmid pGL2. 

Figure 3 shows the effect of the order of mixing the components 
of a complex consisting of lipofectin (L) , oligolysine-peptide 
20 1 ( [ K ] 16 GACRGDMFGCA ) (I) and plasmid pGL2 (D) on the enhancement 
of transfection of ECV40 cells. 

Figure 4 shows a comparison of enhancement of transfection by 
lipofectin of complexes containing plasmid pGL2 and oligo- 
lysine-peptide 1 ([K] 16 GACRGDMFGCA, pep 1), or oligolysine- 
25 peptide 5 ( [K] 16 GACDCRGDCFCA [ SEQ. ID. NO . : 20 ] , pep 5), or oligo- 
lysine-peptide 6 ( [K] 16 GACRRETAWACG [SEQ. ID. NO. :21 ] , pep 6) or 
[K] 16 (K16), with lipofectin (lip) and without lipofectin, and a 
complex containing plasmid pGL2 with lipofectin: [K] ^lysine- 
peptide 1 in a ratio by weight of 4:1 (Lipo 4 to 1). 

30 Figure 5 shows the dose-dependency of a complex containing 
lipofectin, oligolysine-peptide 6 ( [ K ] 16 GACRRETAWACG ) and 
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plasmid pGL2 on the availability of integrin-binding ligands. 

Figure 6 shows the structure of various complexes, as deter- 
mined using atomic force microscopy, the complexes being formed 
with different combinations of plasmid DNA (plasmid pGL2), 
5 oligolysine-peptide ( [K] lfi -peptide 6) and lipofectin as follows: 
A: [K] 16 -peptide 6 and plasmid pGL2; B: [K] 16 -peptide 6, lipo- 
fectin and plasmid pGL2; C: lipofectin and plasmid pGL2, 
optimal ratio; D: lipofectin and plasmid pGL2 , suboptimal 
ratio. 

10 Figure 7 shows levels of expression of IL-12 48 hours after 
transfection of COS-7 cells and neuroblastoma cells lines IMR- 
32, KELLY and SHSY-5Y with a complex containing lipofectin, 
oligolysine-peptide 6 ( [ K ] 16 GACRRETAWACG ) and either two retro- 
viral plasmid constructs encoding the two domains of IL-12 

15 (MFGS-IL12) or one plasmid containing a fusion gene, Flexi-12 
under a CMV promoter. 

Figure 8 shows the effect of transfection with anti-sense 
oligonucleotides (AS) to the thrombin receptor (PAR-1) on 
thrombin induced proliferation of human foetal lung fibroblasts 
20 (HFL-1 cells). 

Figure 9 shows the effect of transfection of haematopoietic 
cell lines HL60, PLB985, TF1 and U937 with LID complexes con- 
taining lipofectin, the reporter gene pEGFP-Nl and either [K] i6 - 
peptide 6 (pep 6) or [K] 16 -peptide 8 (GGCRGDMFGCA [SEQ.ID.NO. : 8] 
25 pep 8) compared with untreated cells. The percentage of GFP 
positive cells is determined using a fluorescence activated 
cell sorter. 

EXAMPLES 

MATERIALS & METHODS 

30 Cell Lines 

The cell line COS-7 (monkey kidney epithelial cells) were 
maintained in Dulbecco's Modified Eagle Medium (DMEM; Life 
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Technologies, Paisley, U.K.) supplemented with 10 % foetal calf 
serum (FCS), L-glutamine, penicillin and streptomycin. ECV304 
(spontaneously transformed human umbilical vein endothelial 
cells) were grown in 199 Medium (Life Technologies, Paisley, 
5 U.K.). HT1080 fibrosarcoma cells and A375M melanoma cells were 
maintained in DMEM and 10% FCS. IMR2 neuroblastoma cells were 
grown in DMEM F12 Nutrient Mix (Life technologies). Cell lines 
were all grown in a 37 *C incubator with a 5% C0 2 water- 
saturated atmosphere. 

10 peptide synthesis 

The seguence of peptide 6, GACRRETAWACG , was based on an 
a5Bl-specific peptide from a phage display library (Koivunen et 
al., 1995). The oligolysine-peptide [ K ] 16 GACRRETAWACG was 
synthesised as follows: 

15 Protected amino acids and preloaded Gly-Wang resin were 
obtained from calbiochem-Novabiochem (Nottingham, U.K.). 
Solvents and HBTU [2-(lH-benzotriazol-l-yl)-l,l, 3 ,3-tetram- 
ethyluronium hexaf luorophosphate] were obtained from Perkin- 
Elmer Applied Biosystems, U.K. The peptide was synthesised on 
20 a Model 431A updated Applied Biosystems Solid Phase synthesiser 
on 0.1 mmol preloaded Gly-Wang resin (Calbiochem-Novabiochem, 
Nottingham, U.K.) using basic feedback monitoring cycles and 
HBTU as a coupling reagent. 9-f luorenylmethyloxy-carbonyl was 
used for temporary a-amino group protection. Side-chain 
25 protecting groups were tert-butyloxycarbonyl for Lys and Trp, 
trityl for Cys, 2 , 2 , 5 , 7 , 8-pentamethylchroman-6sulphonyl for 
Arg, tert-butyl ester for Glu and tert-butyl ether for Thr. 
Cleavage from the resin and deprotection of the peptide was 
achieved by treating the peptidyl-resin with 10 ml of a mixture 
30 containing 10 ml trif luoroacetic acid, 0.25 ml ethanedi thiol , 
0.25 ml triisopropylsilane at 20 °C for two hours. The peptide 
was precipitated using ice-cold diethylether and then filtered 
through a fine sintered glass filter funnel under light vacuum. 
The peptide precipitate was dissolved in 10% acetic acid/water 
35 solution and freeze dried. The crude peptide was analysed by 
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reverse phase HPLC and matrix assisted laser desorption 
ionisation time of flight mass spectroscopy. Purity of the 
crude peptide was about 70% by reverse phase HPLC, and mass 
analysis using a Finnegan LazerMat gave a molecular weight of 
5 3331.5 for the MH+ ion which was in excellent agreement with 
calculated weight for MH+ ion of 3331.46. 

Oligolysine-peptide 1: [ K ] 16 GACRGDMFGCA and oligolysine-peptide 
5: [ K ] 16 GACDCRGDCFCA were obtained from Zinsser Analytic 
( Maidenhead , U.K. ) . 

10 Plasmid DNA 

The plasraids pGL2, which contains a lucif erase reporter gene 
(Promega, Madison, WI, U.S.A.) and pCMVB, which contains a B- 
galactosidase reporter gene (Clontech, Palo Alto, California, 
U.S.A.) were grown in Escherichia coli DH5a and purified, after 
15 bacterial alkaline lysis, on Qiagen resin columns (Qiagen Ltd., 
Crawley, U.K.) by the manufacturer's instructions. 
Isopropanol-precipitated DNA pellets were washed with 70% 
ethanol then dissolved in water or TE buffer (10 mM Tris-Cl, pH 
8.0 and 1 mM EDTA) . 

20 Spectrophotometric measurements of plasmid solutions were used 
to assess plasmid concentration (A 260 ) and purity (A 2 6o/A 2 ao 
ratio) . Plasmid solutions were adjusted to a concentration of 1 
mg/ml and stored at 4°C. 

Formation of transfec tion complexes 

25 Cells were seeded into 24-well plates at 5 x 10 4 cells per well 
then incubated overnight at 37 *C in complete growth medium. The 
following day, transfection complexes were made from the 
following stock solutions, all prepared in OptiMEM (Life 
Technologies, Paisley, U. K.), lipofectin (an equimolar mixture 

30 of the cationic lipid N- t l-( 2 , 3-dioleyloxy ) propyl ]-N,N,N-tri- - 
methylammonium chloride (DOTMA) and the neutral lipid dioleoyl 
phosphatidylethanolamine (DOPE), obtained as "Lipofectin" from 
Life Technologies, Paisley, U.K.) (1 mg /ml), pGL2-control (1 
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mg/100 ml) and [K] 16 /integrin- targeting peptide 1, 5 or 6 (0.1 
mg/ral ) . 

Complexes were made usually with three components: oligolysine- 
peptide (I), plasmid DNA or RNA (D) and lipofectin (L), by 
5 mixing together the different components with an automatic 
pipette. The mixture LID was made in the same way in the 
optimal weight ratio 0.75:4:1 (L:I:D). Both types of mixture 
were left to aggregate for at least 30 min then diluted to a 
concentration of one microgram DNA per 0.5 ml with OptiMEM . 

10 The growth medium was removed from each well then 0.5 ml of 

transfection complex added. The plate was then returned to the 
incubator for four to six hours. The transfection medium was 
then removed and replaced with 1 ml of complete growth medium. 
Transfected cells were incubated for 48 to 72 hours then 

15 assayed for reporter gene activity. 

f.timf erase assays 

Cells transformed with pGL2 were washed twice with PBS to 
remove serum then 100 microlitres of Reporter Lysis Buffer 
(Promega, Madison, WI, U.S.A.) was added to each well and 

20 placed at 40'C for 15 to 30 minutes. Cells were then dislodged 
by scraping with a yellow micropipette tip. Cellfree lysates 
were then prepared and assayed with a Luciferase Assay kit 
(Promega, Madison, WI, U.S.A.) following the manufacturer's 
instructions. Total light emission was measured for 60 seconds 

25 on an LKB 1251 Luminometer (Labtech, Uckfield, U.K.). The 
protein concentration of each sample was then determined with 
Protein Assay Reagent (BioRad, Hercules, CA, U.S.A.) and 
luciferase enzyme activity expressed in terms of relative light 
units per milligram of protein (RLU/mg) . 

30 LacZ assays? 

B-galactosidase activity was detected by staining with X-gal . - 
After washing with PBS cells were fixed to the plastic plates 
by addition of 0.5% glutaraldehyde in PBS for 20 minutes at 
40°C. Wells were washed with PBS and cells were stained with 
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X-gal at 370 C for up to six hours. 

fct QWic Forces M inrnscopv ( AFM^ 

Atomic forces microscope analysis of transfection complexes was 
performed as described previously (Wolfert & Seymour, 1996) 
5 using an AFM-2, part of the NanoScope II (Digital Instruments, 
Santa, Barbara, U.S.A.). Transfection complexes of [ K ] 16 -pept ide 
6/pGL2, with and without lipofectin, were prepared as described 
above except that water was used as the diluent for all 
components rather than OptiMEM. 

10 Example 1: Effect of different amounts of lipofectin 
(DOTMA/DOPE) on transfection 

Transfection complexes were prepared as described above in the 
Materials & Methods section. The complexes were made by mixing 
solutions of oligolysine-peptide 1 ( [ K ] 16 GACRGDMFGCA ) at 0.1 

15 rag/ml in OptiMEM low serum tissue culture medium with a 

solution of lipofectin (DOTMA/DOPE cationic liposome as above) 
in a range of concentrations from 1 to 10 /ig/100 /il in OptiMEM. 
Finally, the appropriate amount of pGL2-control plasmid DNA 
(0.1 mg/ml) was added and mixed by repeated pipetting. The 

20 ratio of mixing of each component was a constant 4 ixq of oligo- 
lysine-peptide per /ig of DNA, while the proportion of lipo- 
fectin varied from 1 to 10 /xg per /ig of DNA. ECV304 cells were 
transfected with the complexes as described above, incubated 
for 48 hours then assayed for lucif erase expression as 

25 described above. The results are shown in Figure 1. 

Complexes formed with 1 \iq of lipofectin and 4 of oligo- 
lysine-peptide per microgram of plasmid were almost 100-fold 
more active than complexes lacking lipofectin. Addition of 
larger amounts of lipofectin reduced transfection activity in a 
30 lipofectin dose-dependent manner. 

Similar results were obtained with [K] 16 -peptide 6. 

Example 2: Effect of different amounts of lipofectin on 



WO 98/54347 



PCT/GB98/01577 



- 29 - 

transformation in three different cell lines 

Experiments were then performed to refine the optimal amount of 
lipofectin in LID transfection complexes using three different 
cell lines A375M (melanoma cells), COS-7 (monkey kidney 
5 epithelial cells) and ECV304 (human umbilical cord endothelial 
cells) • 

Transfection complexes were made as described in Example 1 but 
using a narrower range of amounts of lipofectin. Lipofectin/- 
oligolysine-peptide/DNA complexes were prepared with constant 
10 amounts of [K] 16 -peptide 1 ( [ K ] 16 GACRGDMFGCA ) (4 /ig) and pGL2 (1 
/ig) plasmid DNA and a range of lipofectin amounts (1 to 2.5 
micrograms). Complexes were used to transfect A375M, COS-7 and 
ECV304 cells, which were then harvested two days later for 
lucif erase expression analysis. 

15 The results are shown in Figure 2. In each case the optimal 
transfection ratio peaked at 0.75 /xg of lipofectin per 
microgram of plasmid DNA. This combination of the amounts of 
the components was maintained in all subsequent examples. 

A mixing ratio L:I:D of 0.75:4:1 by weight corresponds to a 
20 molar ratio of 0.5 nmol lipofectin: 1.25 nmol oligolysine- 
peptide 1: 0.25 pmol pGL2-control. The molar charge of each 
component is 0.5 moles positive charge per mole lipofectin, 
seventeen moles positive charge per mole [K] 16 -peptide 1 and 
12,000 moles negative charge per mole of pGL2 (6 kb) . There- 
25 fore, in the optimal transfection complex, 3 nmol of negative 
charge from the plasmid is mixed with 21 nmol of positive 
charge from oligolysine-peptide 1 and 0.25 nmol positive charge 
from lipofectin. Hence the charge ratio of approximately 7:1 
positive to negative charges in ID complexes is little altered 
30 by the incorporation of 0.25 nmol positive charge from lipo- 
fectin into high efficiency LID transfection complexes. It is 
likely, therefore, that the improvement in transfection 
efficiency of LID complexes is not charge related. 
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Example 3: Effect of the order in which the components of the 
complex are mixed. 

To determine the procedure for the production of optimal LID 
transf ection complexes transf ections were performed with 
5 complexes made by adding the components of the complexes in 
different orders. All combinations were prepared with the 
same amounts and concentrations of the components (1 fxq pGL2 
plasmid DNA, 0.75 ng of lipofectin and 4 /ig of oligolysine- 
peptide 1 ( [ K ] 16 GACRGDMFGCA ) . Transf ections were performed in 
10 ECV304 cells and luciferase activity was assessed as described 
above . 

The results are shown in Figure 3 in which D represents the 
plasmid vector pGL2, I represents [K] 16 -peptide i and L repre- 
sents lipofectin. The expression data indicates that the order 
15 of mixing LID was optimal. Significantly, combinations in 
which the lipofectin was the last component added were least 
efficient. The order of mixing, LID, was employed in all 
subsequent transf ection experiments. 

Example 4: Transf ection rates 

20 Cells were transfected with optimised oligolysine-peptide/lipo- 
fectin/pCMVB complexes as described in Examples 1 and 2 pre- 
pared in the order of mixing LID but using pCMVB as the plasmid 
vector (component D) instead of pGL2. The cells were stained 
for 6-galactosidase activity with X-gal as described above. A 

25 number of cell types, A375M, COS-7 and ECV304 displayed 

transfection efficiencies of 50 to 100% compared to 1 to 10% 
achieved with oligolysine-peptide/DNA complexes alone. This 
represents a very significant improvement in transfection 
efficiency. 

30 Example 5: Comparison of enhancement with lipofectin and with 
different oligolysine-peptides 

To compare the effect of different integrin-targeting oligo- 
lysine-peptides, duplicate sets of complexes were formed with 
plasmid pGL2 and one of the following: 
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oligolysine-peptide 1 ( [ K ] 16 GACRGDMFGC A , pep l), 
oligolysine-peptide 5 ( [ K ] 16 GACDCRGDCFCA , pep 5), 
oligolysine-peptide 6 ( [ K ] 16 GACRRETAWACG , pep 6), and [K] 16 . 
One set of complexes also contained lipofectin (lip), the other 
5 was without lipofectin. A control complex containing plasmid 
pGL2 with lipofectin and [K] 16 lysine-peptide 1 in a ratio by 
weight of 4:1 was prepared. 

Each complex was used to transfect cell lines and luciferase 
expression determined. Complexes were made with (lip) and 
10 without lipofectin. An optimised complex was performed for 
comparison. All oligolysine-peptides were mixed with lipo- 
fectin and plasmid DNA (KLD) in the same optimised charge 
ratios and order of mixing. 

The results are shown in Figure 4. Although KLD complexes were 
15 usually better transfection agents than KD or LD complexes, LID 
complexes generated luciferase expression levels three to 
six-fold higher than KLD complexes. Expression levels from LID 
complexes containing oligolysine-peptide 5 were two-fold lower 
than those containing oligolysine-peptide 1 or oligolysine- 
20 peptide 6, which may reflect the differing integrin receptor 
affinities of the peptides. The transfection enhancement of 
the LID complexes was observed with all the peptides tested, 
two of which (peptides 1 and 5) contain the conserved RGD 
sequence, one of which (peptide 6) does not. 

25 Example 6: Specificity 

To demonstrate integrin specificity, LID complexes were 
prepared with constant amounts of plasmid pGL2-control and 
lipofectin, and a range of combinations of [K] X6 -peptide 6 and 
[K] 16 . A total of 40/Ltg of [K] 16 -peptide was used, consisting of 

30 1, 5, 10, 20, 35, 39 pg of [K] 16 -peptide 6 made up to 40/xg with 
[K]x«. 

Transfections were performed as described in Example 1 and 
luciferase assays performed after 48 hours. The results are 
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shown in Figure 5. Transfection efficiency demonstrated an 
apparently exponential increase with increasing amounts of 
oligolysine-peptide 6, and, therefore, a dose-dependent 
response to the amount of available integrin-binding ligands. 
5 Accordingly, while both the sixteen-lysine domain, and the 
lipofectin components are themselves capable of mediating 
transfection, both individually and in [K] 16 /lipof ectin combi- 
nation complexes, the highest efficiency transfection is 
directly proportional to the amount of available 
10 integrin-binding ligand. 

Example 7: Atomic force microscopy 

Atomic force microscopy experiments were performed to determine 
and compare the structures formed by mixing 4 /ig [K] 16 peptide 6 
and 1 /ig pGL2-control plasmid DNA (ID complexes). LID complexes 

15 were formed from [ K ] ..-peptide 6 (4 /xg) /lipofectin (0.75 /ig ) /DMA 
(1 fig) in the order LID which was shown to yield optimal 
transfection results. Lipofectin/DNA complexes (LD) were formed 
at two different ratios; an optimal transfection ratio of 5 /ig 
lipofectin per microgram of pGL2 and the same ratio as used in 

20 LID complexes, 0.75 lipofectin per microgram of plasmid. 

The results are shown in Figure 6. ID complexes, composed of 
oligolysine-peptide 6 and plasmid DNA, were examined initially 
by AFM within fifteen minutes of mixing the two components. The 
complexes formed particles of low polydispersity which, on the 

25 mica coverslips, had a diameter of approximately 200 nm. A 
computer-generated contour map revealed that the particles 
formed were of irregular conical shape. LID complexes assessed 
by AFM formed particles of a similar size and shape to ID 
complexes. The additional lipofectin did not, apparently, 

30 disrupt the particles. LD complexes, however, formed at the 5:1 
ratio appeared as a network of tubes with occasional particles 
associated with the tubes. LD complexes formed at the lower - 
ratio (0.75:1), however, appeared to be short tubular 
structures. LD complexes formed at this lower ratio were 

35 inactive in transfection experiments. 
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LID complexes formed as above were also analysed by AFM after 
standing overnight. Particles were now smaller in size with 
diameters of approximately 50-100 nm suggesting that the 
particles had compacted- Computer-generated computer maps 
5 represented these particles as regular conical structures. The 
cones were measured and their volumes were calculated. The 
spheres which the particles are predicted to form when free in 
solution were then calculated to be 20 to 60 nm in diameter. In 
transfection experiments with pGL2 the compact particles formed 
10 overnight in water yielded lucif erase expression results 
approximately twice as high as the freshly made complexes. 

Example 8: Transfection of neuroblastoma cells 

Transfection of three different human neuroblastoma cell lines, 
SHSY-5Y, KELLY and IMR-32 and one mouse neuroblastoma cell 
15 line, Nb2A, was optimised using an LID complex containing [K] 16 - 
peptide 6, lipofectin and either lucif erase or GFP as reporter 
gene, as described in the Materials and Methods section and the 
Examples above. 

The three human neuroblastoma cell lines and COS-7 cells were 
20 then transfected using the same LID complex with, instead of 
the reporter gene, one of two different IL-12 expressing 
vectors. One vector expresses a fusion protein of the two 
chains of IL-12, p35 and p40, (Flexi-12? Anderson et al. 1997) 
This fusion is regulated by a CMV promoter- The second IL-12 
25 expression system consists of two retroviral constructs MFGS- 
p35 and MFGS-p40, which are retroviral plasmid constructs 
encoding the two separate chains of interleukin-12 (IL-12). 
Both genes are regulated by the retroviral long terminal 
repeats (LTRs). The vectors were obtained from Professor Mary 
30 Collins, UCL, London. 

Secreted IL-12 expression was monitored by ELISA 48 hours after 
transfection. The transfected cells were found to secrete 
high levels of the cytokine, see Figure 3. The Flexi-12 con- 
struct was most efficient. 
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These results demonstrate that the transfection system of the 
present invention is suitable for use in a vaccine for neuro- 
blastoma, an important childhood malignancy, and also for 
vaccines against other cancers. 

5 Example 9: Transfection of lung bronchial epithelium in vivo 
LID complexes comprising [K] 16 -peptide 6 and lipofectin in the 
optimal ratio L:I:D of 0.75:4:1 mixed in the order LID were 
made as described in the Materials and Methods section above 
but using a solution of the oligolysine-peptide in phosphate 

10 buffered saline (PBS) at a concentration of 1 mg/ml. The other 
components were in solution in water, lipofectin at a concent- 
ration of 1 mg/ml and DNA encoding a nuclear localising beta- 
galactosidase reporter gene pABll at a concentration of 1 
mg/ml. The oligolysine-peptide was used at high concentration 

15 to minimise the final volume of the complex, and PBS was used 
instead of OptiMEM for bio-compatibility. 

Lewis rats were anaesthetized and then injected through the 
trachea into the airway with 287.5 /xl of complex comprising 
37.5 1 lipofectin, 200 /xg [K] 16 -peptide 6 in 200 jxl PBS, and 50 
20 /ug pABll in 50 (Ml water. The animals were sacrificed at 24 
hours, the lungs removed, fixed and stained with X-gal, then 
sectioned and examined. Extensive staining was seen in the 
bronchial epithelium in the upper airway. 

This result demonstrates the utility of the transfection com- 
25 plex of the present invention for gene therapy of disease 

involving the lungs and airways, for example, cystic fibrosis 
and asthma. 

Example 10: Transfection of corneal endothelium in vivo 
LID complexes were made as described in Example 10 for in vivo 
30 lung transf ections . The LID complex-containing solution was 
injected into the anterior chamber of the eye of mice. The 
volume of solution injected in each case was 2 /il, thus delive- 
ring approximately 0.2 Mg of pABll plasmid DNA. Efficient gene 
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transfer to the corneal endothelium was demonstrated by X-gal 
staining. 

The high transfection rate demonstrates the utility of the 
transfection complex of the invention of the treatment of eye 
5 diseases affecting the cornea, and for corneal transplantation . 

Example 11: Transfections of primary smooth muscle cells and 
cardiac myocytes 

Tissue cultures of rat primary smooth muscle cells (aortic 
smooth muscle cells) and cardiac myocytes were prepared 

10 according to standard methods (Blank et al. 1988). An LID 
complex comprising lipofectin, [K] 16 -peptide 6 and GFP as a 
reporter gene in the optimal LID ratio and mixing order was 
prepared as described in the Materials and Methods section and 
the Examples above. The tissue cultures were transfected with 

15 the LID complex as described in the Material and Methods sec- 
tion above. Fluorescing imaging of GFP-expressing cells demon- 
strates transfection efficiency in excess of 50%. 

Primary smooth muscle cells and cardiac myocytes are partic- 
ularly resistant to plasmid-mediated transfection using most 
20 other non-viral vectors. In contrast, the transfection complex 
of the present invention achieved transfection efficiencies in 
excess of 50%, thus demonstrating the utility of the complexes 
for treatment of diseases affecting muscle, including smooth 
muscle and cardiac muscle. 

25 Example 12: Transfections with high molecular weight constructs 
Different size constructs can be delivered with the 
transfection complex of the present invention. A fibroblast 
culture was transfected as described in the Materials and 
Methods section with an LID complex comprising [K] 16 -peptide 6, 

30 lipofectin and a 130 kB DNA construct. The complex, comprising 
the LID components in the optimal ratio and mixing order, was 
prepared as described in the Methods and Materials section and 
Examples above. Transfection was achieved with 2-3% efficiency. 
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Cellular process associated with the enhanced integr in-mediated 
internalisation of DNA using a complex of the present invention 
are more closely related to phagocytosis than endocytosis and 
are thus particularly suited to the delivery of complexes 
5 containing very large DNA molecules. 



Example 13: Transfection with anti-sense DNA 
Thrombin stimulates proliferation of human lung fibroblasts. 
Thrombin-treated human lung fibroblasts (HFL-1 cells) proli- 
ferated 53% in response to thrombin. 24 hours before treatment 

10 with thrombin, HFL-1 cells were treated with an LID complex 
comprising [K] 16 -peptide 6, lipofectin and a 20-mer antisense 
oligonucleotide directed against the thrombin receptor PAR-1 in 
the optimal ratio and mixing order prepared as described in the 
Materials and Methods section and the Examples above. The 

15 antisense oligonucleotide-containing complex was in contact 
with the cells for 4 hours. 24 hours after the start of the 
treatment with the complex, treatment with thrombin was carried 
out. 

The thrombin-induced proliferation was attenuated by 76% +/- 
20 12% by the pre-treatment with the LID complex. Cells treated 
with the antisense-containing complex but not with thrombin did 
not proliferate. 

This result demonstrates the utility of the complex of the 
invention for efficient intracellular transport of antisense 
25 oligonucleotides, as is required for antisense therapy, for 
example, antiviral and anticancer therapy. 



Example 14: Transfection of haematopoietic cells 
Haematopoietic cells are particularly resistant to transfection 
with most plasmid-mediated vectors. 

30 LID complexes were prepared as described in the Material and 
Methods section and Examples above using lipofectin and [K] x6 - 
peptide 6, which targets a5Bl integr ins, and pEGFP-Nl (Promega) 
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as reporter gene. Complexes were prepared analogously substi- 
tuting [K] 16 -peptide 8 ( [K] a6 GACQIDSPCA SEQ.ID.NO. : 21) , which 
targets a461 integrins, for [K] x6 -peptide 6. The complexes were 
prepared by mixing the components in the optimal ratio and 
5 mixing order as described in the Materials and Methods section 
and Examples above. 

Four different haematopoietic cells lines (HL60, PLB985, TF1 
and U937) were transfected as described in the Materials and 
Methods section with the following modifications: cells were 

10 untreated or were treated with Gm-CSF (lOng/ml) for TF1 cells 
or phorbol myristic acid (PMA) for the other three cells lines 
prior to transf ection. Transfection with the LID complexes 
containing pEGFP-Nl generated a transfection efficiency of more 
than 60% in all four lines as measured on fluorescent activated 

15 cell sorter, see Figure 8. 

These results demonstrate the utility of the transfection 
complex of the invention for gene therapy involving 
haematopoietic cells, for example, gene therapy of leukaemia 
and bone marrow stem cell disorders. This is particularly 
20 useful because, as pointed out above, haematopoietic cells are 
particularly resistant to transfection with most plasmid- 
mediated vectors. 
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(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 9711115.7 

(B) FILING DATE: 29-MAY-1997 

(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 



♦ l 
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(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

♦ 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly Gly Lys Lys Lys Lys 
1 5 10 15 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 

20 25 

(2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly Lys Lys Lys Lys Lys 
15 10 i5 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 

20 25 

(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 



(ii) MOLECULE TYPE: peptide 



•I 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Lys Lys Lys Lys Lys Lys 
15 10 15 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 

20 25 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 
15 10 15 

Gly Ala Cys Arg Gly Asp Met Phe Gly cys Ala 

20 25 

(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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Cys Arg Gly Asp Met Phe Gly Cys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Gly 
15 10 

(2) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Gly Gly Cys Arg Gly Asp Met Phe Gly Cys Ala 
15 10 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gly Ala Cys Arg Gly Asp Met Phe Gly Cys Ala 
15 10 

(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Ala Cys Asp Cys Arg Gly Asp Cys Phe Cys Ala 
15 10 



(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Ala 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
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Cys Arg Arg Glu Thr Ala Trp Ala Cys 
1 5 

INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Gly Ala Gly Pro Glu lie Leu Asp Val Pro Ser Thr 
15 10 

INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Gly Ala Cys Gin lie Asp Ser Pro Cys Ala 
15 10 

INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: circular 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Gly Ala Cys Arg Arg Glu Thr Ala Trp Ala Cys Gly Lys Gly Ala Cys 
1 5 10 15 

Arg Arg Glu Thr Ala Trp Ala Cys Gly 

20 25 
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CLAIMS : 

1. A complex that comprises 

(i) a nucleic acid, 

(ii) an integr in-binding component, 

(iii) a polycationic nucleic acid-binding component, and 

(iv) a lipid component 

2. A complex as claimed in claim 1, wherein the integrin- 
binding component is an integrin-binding peptide 

3. A complex as claimed in claim 2, wherein the peptide con- 
sists of or comprises all or part of the integr in-binding 
domain of a naturally-occurring integrin ligand. 

4. A complex as claimed in claim 3, wherein the integrin- 
binding peptide comprises the conserved amino acid sequence 
arginine-glycine-aspartic acid (RGD). 

5. A complex as claimed in claim 4, wherein a peptide 
comprising the sequence RGD has a cyclic region in which the 
conformational freedom of the RGD sequence is restricted. 

6. A complex as claimed in claim 5, wherein a cyclic peptide 
has two or more cysteine residues that form one or more 
disulphide bond(s). 

7. A complex as claimed in claim 6, wherein the peptide con- 
sists of or comprises the sequence CRGDMFGC [SEQ. ID. NO. :5] . 

8. A complex as claimed in claim 7, wherein the peptide con- 
sists of or comprises the sequence GGCRGDMFGC [SEQ. ID. NO. :6] , 
GGCRGDMFGCG [SEQ. ID. NO. 7 ] , GGCRGDMFGCA [SEQ. ID. NO. :8] or 
GACRGDMFGCA [ SEQ . ID . NO . : 9 ] . 

9. A peptide as claimed in claim 6, which peptide consists of 
or comprises the sequence GACDCRGDCFCA [SEQ. ID. NO. : 10 ] . 
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10. A peptide as claimed in claim 2, which peptide consists of 
or comprises the sequence CRRETAWAC [SEQ.ID.NO. : 13] . 

11. A peptide as claimed in claim 10, which consists of or 
comprises the sequence GACRRETAWACA [SEQ.ID.NO. : 11] or 
GACRRETAWACG [ SEQ . ID. NO. : 12 ] . 

12. A peptide as claimed in claim 2, which consists of or 
comprises the sequence GAGPEILDVPST [SEQ.ID.NO. : 14] , GACQIDSPCA 
[SEQ.ID.NO. :15] or GACRRETAWACGKGACRRETAWACG [SEQ. ID. NO. : 16 ] . 

13. A complex as claimed in any one of claims 1 to 12, wherein 
the nucleic acid component is or relates to a gene that is the 
target for gene therapy, gene vaccination or anti-sense 
therapy . 

14. A complex as claimed in any one of claims 1 to 13, wherein 
transcriptional and/or translational control elements for the 
nucleic acid are provided and the nucleic acid is optionally 
packed in a phage or vector. 

15. A complex as claimed in any one of claims 1 to 14, wherein 
the nucleic acid component is DNA. 

16. A complex as claimed in any one of claims 1 to 14, wherein 
the nucleic acid component is RNA. 

17. A complex as claimed in any one of claims 1 to 16, wherein 
the nucleic acid-binding component has from 3 to 100 cationic 
monomers . 

18. A complex as claimed in any one of claims 1 to 17, wherein 
the polycationic nucleic acid-binding component is an 
oligolysine. 

19. A complex as claimed in claim 18, wherein the oligolysine 
has from 10 to 20 , especially 16 lysine residues. 
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20. A complex as claimed in any one of claims 1 to 19, wherein 
the lipid component is or is capable of forming a cationic 
liposome. 

21. A complex as claimed in any one of claims 1 to 20, wherein 
the lipid component is or comprises one or more lipids selected 
from cationic lipids and lipids having membrane destabilising 
or fusogenic properties. 

22. A complex as claimed in claim 21, wherein the lipid compo- 
nent is or comprises the neutral lipid dioleyl phosphatidyl- 
ethanolamine (DOPE) or a lipid having similar membrane 
destabilising or fusogenic properties. 

23. A complex as claimed in claim 21 or claim 22, wherein the 
lipid component is or comprises the cationic lipid N-[l-(2,3- 
dioleyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTMA) or 
a lipid having similar cationic properties. 

24. A complex as claimed in claim 23 , wherein the lipid compo- 
nent is or comprises a mixture of DOPE and DOTMA, especially an 
equimolar mixture thereof. 

25. A complex as claimed in claim 24, which comprises an equi- 
molar mixture of DOPE and DOTMA as the lipid component, an 
integrin-binding peptide as the integrin-binding component, and 
[K] 16 as the polycat ionic nucleic acid-binding component. 

26. A complex as claimed in claim 24 or claim 25, wherein the 
ratio lipid component: integrin-binding/polycationic nucleic 
acid-binding component: nucleic acid is 0.75:4:1 by weight or 
0.5 nmol:1.25 nmol:0.25 nmol on a molar basis. 

27. A complex as claimed in any one of claims 1 to 24, wherein 
the lipid component is or comprises 2 , 3-dioleyloxy-N-[ 2- 

( spermidinecarboxamido ) ethyl ] -N , N-dimethyl-l-propanaminium- 
trif luoridoacetate (DOSPA) or a lipid having similar properties 
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to those of DOSPA. 

28. A complex as claimed in claim 27 , wherein the lipid compo- 
nent is or comprises a mixture of DOPE and DOSPA, especially a 
mixture of one part by weight DOPE to 3 parts by weight DOSPA. 

29. A complex as claimed in claim 28 , which comprises a 
mixture of DOPE and DOSPA as the lipid component , an integrin- 
binding peptide as the integrin-binding component, and [K] 16 as 
the polycationic nucleic acid-binding component. 

30. A complex as claimed in claim 29, wherein the ratio lipid 
component: polycationic nucleic acid-binding component: nucleic 
acid is 12:4:1 by weight. 

31. A process for the production of a complex as claimed in 
any one of claims 1 to 30, which comprises admixing components 
(i), (ii), (iii) and (iv). 

32. A process as claimed in claim 31, wherein the components 
are admixed in the following order: lipid component, integrin- 
binding component/polycationic nucleic acid-binding component, 
nucleic acid. 

33. A complex as claimed in any one of claims 1 to 30, 
obtainable by a process as claimed in claim 31 or claim 32. 

34. A mixture comprising an integrin-binding component, a 
polycationic nucleic acid-binding component, and a lipid 
component . 

35. A mixture as claimed in claim 34, wherein the integrin- 
binding component is as defined in any one of claims 2 to 12. 

m 

36. A mixture as claimed in claim 34 or claim 35, wherein the 
polycationic nucleic acid-binding component is as defined in 
any one of claims 17 to 19. 
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37. A mixture as claimed in any one of claims 34 to 36 , 
wherein the lipid component is as defined in any one of claims 
20 to 24, 27 and 28. 

38. A mixture as claimed in claim 34, which comprises an equi- 
molar mixture of DOPE and DOTMA as the lipid component, an 
integrin-binding peptide as the integrin-binding component, and 
[K] 16 as the polycat ionic component nucleic acid-binding 
component . 

39. A mixture as claimed in claim 38, wherein the ratio lipid 
component : combined integrin-binding/polycationic nucleic acid- 
binding component is 0.75:4 by weight. 

40. A process for producing a complex as claimed in claim 1, 
which comprises incorporating a nucleic acid with a mixture as 
claimed in any one of claims 34 to 39. 

41. A method of transfecting a cell with a nucleic acid, which 
comprises contacting the cell in vitro or in vivo with a com- 
plex as claimed in any one of claims 1 to 30 or claim 33. 

42. A pharmaceutical composition which comprises a complex as 
claimed in any one of claims 1 to 30 claim 33, in admixture or 
conjunction with a pharmaceutical ly suitable carrier. 

43. A method for the treatment or prophylaxis of a condition 
caused in human or or in a non-human animal by a defect and/or 
a deficiency in a gene, which comprises administering a complex 
as claimed in any one of claims 1 to 30 or claim 33 to the 
human or to the non-human animal. 

44. A method for therapeutic or prophylactic immunisation of a 
human or of a non-human animal, which comprises administering a 
complex as claimed in any one of claims 1 to 30 or claim 33 to 
the human or to the non-human animal. 
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45. A method of anti-sense therapy, which comprises 
administering a complex as claimed in any one of claims 1 to 30 
or claim 33 to a human or to a non-human animal. 

46. A complex as claimed in any one of claims 1 to 30 or claim 
33 for use as a medicament or a vaccine. 

47. Use of a complex as claimed in any one of claims 1 to 30 
or claim 33 for the manufacture of a medicament for the prophy- 
laxis of a condition caused in a human or a non-human animal by 
a defect and/or a deficiency in a gene, or for therapeutic or 
prophylactic immunisation, or for anti-sense therapy. 

48. A kit that comprises (i) an integrin-binding component, 

(ii) a polycationic nucleic acid-binding component, and 

(iii) a lipid component. 

49. A kit as claimed in claim 48, which also comprises 
(a) a plasmid or vector suitable for the expression of a 
nucleic acid, the plasmid or vector being either empty or 
comprising the nucleic acid, or (b) a nucleic acid. 

50. A kit as claimed in claim 48 or claim 49, wherein compo- 
nents (i) to (iii) are as defined in any one of claims 2 to 29. 

51. Use of a lipid component as defined in any one of claims 
20 to 24, 27 and 28 for the manufacture of a medicament 
comprising (i) a nucleic acid, (ii) an integrin-binding compo- 
nent, (iii) a polycationic nucleic acid-binding component and 

(iv) the lipid component. 

52. A method for transfecting a cell using (i) a nucleic acid, 
(ii) an integrin-binding component, and (iii) a polycationic 
nucleic acid-binding component, characterised in that a lipid 
component is used in addition to components (i) to (iii). 

53. Use as claimed in claim 51 or a method as claimed in claim 
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52, wherein the lipid component is as defined in any one of 
claims 20 to 24 , 27 and 28. 

54. A method for expressing a nucleic acid in a host cell, 
which comprises bringing the cell into contact with a complex 
as claimed in any one of claims 1 to 30 or claim 33. 

55. A method for producing a protein, which comprises 
transfecting a cell in vitro with a complex as claimed in any 
one of claims 1 to 30 or claim 33, wherein the nucleic acid 
component of the complex encodes the protein, allowing the cell 
to express the protein, and obtaining the protein. 
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